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Before the first Persian Gulf War, military chemical concerns
were focused on life-threatening/performance-impairing ef-
fects from exposures to chemical warfare agents. Now, hazards
of concern include both high and low levels of chemical war-
fare agents and toxic industrial chemicals in air, soil, and
water. The types of health effects considered have expanded to
include both immediate, acute effects (mild and severe), and
delayed or chronic outcomes. Because federal exposure stan-
dards are not applicable to deployed personnel, the U.S. Army
Center for Health Promotion and Preventive Medicine estab-
lished military-specific exposure guidelines in Technical
Guide 230, Chemical Exposure Guidelines for Deployed Mili-
tary Personnel. Methods used to develop the guidelines ad-
dress toxicological data limitations, uniqueness of military
populations and exposure scenarios, and a risk assessment
process compatible with existing military operational risk
management doctrine, The Technical Guide 230 helps ensure
chemical hazards are addressed in various deployment sce-
narios.

Introduction

Military personnel may be exposed to many environmental
chemical hazards during deployments. The intentional use
of chemical warfare agents (CWA) or the intentional or acciden-
tal release of toxic industrial chemicals (TICs} may expose per-
sonnel to localized high levels of toxic exposures as well as
residual low-level exposures. Other exposures may result from
inhalation of ambient contaminants caused by poor environ-
mental controls at deployment sites, burning of propeilants,
trash, and human waste, bulk-fueling operations, pesticide
spraying, or many other scenarios. Adverse health effects can
also be associated with chemicals in water or from
contact with contaminated soil. Whereas the extent of the health
effects caused by such exposures are not always entirely clear,
the results may range from significant immediate effects that
impact mission performance to delayed health effects that affect
postdeployment quality of life. These risks from environmental
-chemical exposures must be assessed and integrated into over-
all military operational risk management (ORM).

Background

Sinee the mid-1990s, concerns have been rajsed
the adequacy of the Department of Defense (DoD) doctrine and
technology to identify and defend troops against the possible
adverse effects of low-level CWA exposure. Several reports”™
have also pointed to TICs that may be implicated in potential
health outcomes. In 1998, the Government Accounting Office
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concluded that the DoD had not developed doctrine that ad-
dressed low-level exposures to chemical agents either in isola-
tion or in combination with other contaminants found on the
battlefield.

The DoD has initiated research and policies® to identify the
cause (environmental exposures) and effect (medical outcome)
relationships associated with various chemicals. For several
years now, the services have been collecting air, water, and sofl
samples to characterize the environmental exposures occurring
during military operations.’®-'* These environmental samples
have been analyzed for military unique CWAs and TICs. The
tnitial assessments of the samples were hindered by the lack of
pre-established military exposure guidelines (MEGs) or stan-
dards applicable to deployments. Federal guidelines and stan-
dards (e.g., Occupational Safety and Health Administration and
the Environmental Protection Agency [EPA]) are more applicable
to protect workers and the civilian public for lifetime exposures.

To address this issue, scientists at the U.S. Army Center for
Health Promotion and Preventive Medicine developed Technical
Guide (TG) 230, Chemical Exposure Guidelines for Deployed
Militany Personnel,* which provides ranges of concentration lev-
els associated with varying degrees of effect severity. Guidelines
are provided for short-term exposures (from 1 hour to 14 days)
and long-term exposures (up to 1 year). TG 230 uses military
ORM terminology to describe the significance of the severity
levels and health effects. It also defines low level as exposures to
concentrations over specified durations that would not cause
immediate acute or severe health effects. Low-level exposures
may result in mild or possibly delayed health effects but are not
expected to cause adverse operational impacts, TG 230 is in-
tended to be a consolidated reference toal for military preventive
medicine perscnnel to provide expedient risk management de-
cislons to a commander during deployments.

Methods

Existing toxicological data and risk assessment methodolo-
gies, including published health standards and guidelines, were
the basis for developing the guidelines in TG 230. This process
took advantage of national and international expertise used to
evaluate the basic toxicological data and provided the broadest
array of information for the most chemicals. Four issues had to
be addressed in developing these guidelines:

~ toxicological data limitations,

- military population of concern,

- deployment scenarios and exposure durations, and

- balancing operational risks and compatibility with existing

military ORM guidance

Toxicological Data Limitations

Specific concerns relative to the military's ability to assess
CWAs have highlighted toxicological data gaps and scientific
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uncertainties. For example, the previously cited Government
Accounting Office report refers to the “imprecise and unpredict-
able” procedure of extrapolating animal data to human expo-
sure levels, different routes of exposure, and the lack of infor-
mation on combined exposures. However, these same
uncertainties exist for most TICs, and this has not prevented the
EPA or Occupational Safety and Health Administration from
establishing exposure guidelines and standards for the civilian
population. The scientists at U.S. Army Center for Health Pro-
motion and Preventive Medicine chose to use existing data and
standard risk assessment models that these agencles used to
develop their standards and guidelines. Some existing guide-
lines were also used with only minor adjustments, No additional
toxicological studies were performed to produce the guidelines
presented in TG 230. Assessments performed by non-DoD
health agencies were used as the primary basis for these MEGs.
When new data or models become available, this new informa-
tion will be incorporated into future updates of TG 230.

Military Populations

Military personmel have historically been considered more
physically fit than the general civilian population. However, the
current deployed U.S. military encompasses a diverse popula-
tion and may be similar to the general civilian population.’
Current military demographics indfcate that military personnel
are older than previous generations, and the Services have more
women and a broader range of ethnicittes.®!® This diversity
includes those with certain medical conditions (such as non-
acute asthmatics) and many genetic subgroups (such as those
with abnormally low acetylcholinesterase activity) that are ex-
pected to have greater susceptibility to certain chemical haz-
ards.!® The potential impact of deploymenti-related stresses
such as fatigue, climate extremes, poor nuirition, and mental
stress cannot be discounted, The level of physical fitness of
these individuals should not be considered a reason to assume
that they are less susceptible to illness from chemical exposures
than average members of the adult civilian population. Because
of these similarities, similar health effects data, risk models, and
guidelines established for the general civilian population were
used to assess health risks to the military. Standards designed
specifically to protect children were not used.

Military Exposure Scenarios and Durations

Whereas the military demographics and susceptibilities may
be similar to the general population, the exposure scenarios are
different, such as greater inhalation rates and water ingestion
rates. For example, the consumption rates of water for deployed
troops is assumed to be 5to 15 L a day, which is greater than the
average U.S. adult consumption rate of 2 L per day. The expo-
sure duration is also unique for military situations. Generally,
individual military personnel are not deployed longer than a
year at a time, and actual exposure scenarlos may be only for
brief, one-time excursions. In contrast, the EPA-based risk as-
sessment'? and occupational exposure models'® assume contin-
uous repeated daily exposures over a lifetime {30-70 years).

Specific military relevant duration periods were defined for
the guideline concentrations represented in TG 230 as:

143

- Temporary exposures (minutes-24 hours of exposure): This
is relevant when assessing inhalation of airborne vapors or
particulate matter. Guidelines for TICs are provided as sin-
gle 1-hour and 8-hour time periods. For CWAs, additional
guidelines for 10- to 30-minute and 8-hour exposures are
provided.

- Short-term exposures (1-14 days of exposure}: For air, this
refers to continuous daily exposures; for drinking water,
short-term exposure durations are expressed in terms of 1
to 5 days or up to 14 days.

- Long-term exposures (15 days to 1 year of exposure): Long-
term exposure guidelines are derived from subchronic or
chronic toxicity reference values for air, water, and sofl and
can be used as screening levels to prioritize those areas that
need further assessment. When sample results are below
these long-term guidelines, no adverse health effects (im-
mediate or delayed} are anticipated even for continuous
long-term exposure.

Balancing Operational Risks

FM 100-14, Risk Management, states that “Both military
leaders and their staffs manage risks. Staff members continu-
ously look for hazards associated with their areas of expertise.
They then recommend controls to reduce those risks. . . . Lead-
ers should advise the chain of command on risks and risk
reduction measures.”®

In establishing military chemical exposure guidance, it was
tmportant to realize that attempting to protect military forces to
“no adverse health effects” levels may, in some scenarios, have
unintended adverse consequences. For example, the donning of
chemical protective clothing can result in heat stress, dehydra-
tion, and diminished capacity to effectively accomplish certain
tasks. Avoidance of a chemical exposure may lead one to choose
alternative routes or locations in which there are logistical and
physical hazards that may pose greater risk to personnel and
the mission. Therefore, it is necessary to ensure that risks from
chemicals are appropriately balanced with the risks from other
deployment hazards.

Existing military ORM doctrine establishes the process that
the military assesses and balances various types of risks. The
FM 100-14 ORM Risk Assessment Matrix tool is presented in
Table 1. Risk from chemical exposure risks must be presented in
this fashion to allow the commander to compare different risks
in the battlespace (i.e., those risk posed by logistical limitations,
enemy attack, as well as chemical exposure) using a common
scale and definitions.

TABLEI
MILITARY RISK ASSESSMENT MATRIX

Probability

Severity  Frequent Likely Occasionzl Seldom Unlikely
Catastrophic ~ E E H H M
Critical E H H M L
Marginal H M M L L
Negligible M L L L L

E. Extremely high risk; H. high risk; M, moderate risk; L. low risk.
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Results

The following sections summarize the types of MEGs and the
application guidance that are provided in TG 230.

MEGs for Air

Although not all-inclusive, 14 military unique compounds
(CWA, smokes/obscurants, riot control agents) and more than a
hundred common industrial chemicals are listed in TG 230 with
associated air MEGs. Ongoing evaluations of worldwide chemi-
cal production data and associated toxicity information con-
tinue to identify additional chemical hazards faced by deployed
forces. These chemicals will be added to the TG 230 as it is
updated.

The concentration values (presented in milligrams per cubic
meter or mg/m) that serve as the basis for the air MEGs were
derived from various sources including the National Research
Council,** the American Industrial Hyglene Association,” the
American Conference of Governmental Industrial Hygjenists, 8
the Agency for Toxic Substances and Disease Reglstry,® the
U.S. Environmental Protection Agency,'® and other organiza-
tions. The specific hierarchy of existing guidelines and stan-
dards used to establish the various temporary, short-term, and
long-term air MEGs is described in the Reference Document
2303 associated with TG 230, Examples of key criteria include
the acute exposure guidelines levels® and emergency response
planning guidelines® for temporary and short-term MEGs, ad-
justed 8-hour time-weighted average threshold limit values®® for
short-termn and long-term MEGs, and EPA-modeled reference
concentrations for long-term MEGs. Some of the guidelines were
adjusted to better reflect the military exposure scenario and also
to accommodate a specifically dertved military inhalation rate.
As aresult, the overall ranges of MEGs are similar to some of the
existing federal standards and guidelines. Figure 1 depicts a
general schematic of how some of the air MEGs relate to com-
mon occupational and general population standards.

ME(Gs for Drinking Water

water MEGs were developed for more than a hun-
dred chemicals including certain military-unique compounds as
well as common industrial/agricultural chemicals that are con-
sidered likely or probable water source contaminants. As addi-
tional chemicals are identified as potential threats to deployed
forces, they will be added to TG 230 in future updates. The key
sources used to formulate the drinking water MEGs include
existing military standards in field drinking water doctrine
(Technical Bulletin-Medical 577),* adjusted EPA health adviso-
ries, and Agency for Toxic Substances and Disease Registry
minimum risk levels. These were adjusted to suit military short-
term and long-term military exposure durations. Guideline Jev-
els were also adjusted to reflect the high consumption rates
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Fig. 1. Conceptual view of air MEGs relative to existing standards.
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expected in deployment settings (5-15 L a day versus the aver-
age U.S. adult consumption rate of 2 L per day). As a result of

these extremely high-consumption rates, some drinking water
MEGs are lower than corresponding EPA guidelines.

MEGs for Sofl

Sofl MEGs were developed for more than a hundred com-
monly detected or anticipated soil constituents/contaminants.
The list will be expanded as new concerns are identifled and
data become available. Although soil exposures can be signifi-
cant during deployments, they can be mitigated through cloth-
ing barriers, washing, and dust control measures. Irritation or
odor would immediately encourage persornnel to use these con-
trols, therefore, short-term or acute MEGs were not deemed
necessary for soil. Because some level of continuous exposure to
sofls will occur during a deployment, long-term, low-level MEGs
were developed. These soil MEGs are based on EPA health risk
assessment models'? and incorporate specific exposure param-
eters into the model that reflect typical deployed military activ-
ities.

Example MEGs and Application

In additlon to providing the MEG values, TG 230 provides
guidance and example scenarios to demonstrate how to use the
information in standard military risk management terms. Sev-
eral different deployment scenarios from wartime to peacekeep-
ing support operations are presented. These example scenarios
do not establish the only way risk decisions can be made but
address the different parameters that should be considered
when evaluating chemical exposure health risks.

One example scenario is a reconnaissance team establishing
a site for a future base camp. Benzene was detected at concen-
trations averaging 5 mg/m® in several air samples around a
factory being considered for temporary living quarters. Table II
summarizes the information relative to health effects and MEGs
for benzene air exposures available in TG 230. The following
paragraphs describe the ORM risk characterization process.

Determine Hazard Probability

In this example, the benzene concentrations are below the
1-hour MEGs s0 one can assume there is not an immediate or
severe health hazard, However, the concentrations exceed the
1-year, the 1- to 14-day, and the 8-hour MEGs. One may as-
sume that in this scenario service members may be exposed for
along duration and quite frequently if used as housing quarters.
It is also likely that these personnel would not notice that they
were being exposed and thus not try to avoid exposure because
the concentrations are below odor thresholds. As a result, the
probability of exposure at or above these MEGs can be catego-
rized as “frequent” on the probability scale in Table L.

Determine Hazard Severity

The of exceeding these MEGs is based on the
levels of health effect severity and medical impact as summa-
rized by Table III. In comparison to the hazards severity defini-
tions in Table HI, the health effects from benzene exposures
described in Table I can be categorized as “negligible” severity
(mild and of minimal operational impact) at the measured con-
centrations.



Chemical Exposures during Military Deployments

145

TABLE O
BENZENE MEGS FOR AIR

MEG values (mg/m"

1-hour MEGs

8-hour MEG 1- 1o 14-Day MEG 1-Year MEG

3,195 479 160

Severe effects level  Significant effects level Minimal effects level Minimal to no effects level Minimal 1o no effects level  No effects level

1.6 0.16 0.039

Benizene, CAS No. 71-43-2. Hahheﬁ'ects:hﬂtaﬁmtomskmmse.msphamryunctheadachafaﬂgue.lossofappeﬂte.lassimde:kmwn
carcinogen: chronic exposures to low levels cause bone marrow depression. Odor: aromatic, at ranges of 108-380 mg/m?.

TABLE II
ORMHAZARDSEVEHWDMONSWERMOFPEALTHWBANDLEDEALWMNT[EVEIS

Hazard Severity Health Impacts Associated with Hazard Severity Level

Catastrophic Many deaths and severe disabling/incapacitating casualties requiring significant medical attention [e.g.. echelon IV)
and/or additional personnel support for survival.

Critical Few if any deaths, but significant numbers of disabling/incapacitating casualties, many requiring medical treatment
or suppart (¢.g., minimum echelon 11, possibly echelon IV); others are likely to have noticeable but not disabling
health effects.

Marginal Many persons may have noticeable but not disabling health effects and/or the potential for individuals to have
delayed (postmission or deployment) health effects is considered very possible. The acute {observable) cffects
require minimal medical attention but may enhance stress-related casualties.

Negligible I-‘ewil‘anypersonsetpectedmhavtnoﬂmhhhcdtheﬁecm.mepommﬂformdmduahmhawddayed
{posteonilict) health concerns is considered minimal to none.

Determine Risk Estimate and Confidence

The risk estimate is determined by combining the hazard
severity and hazard probability using the risk assessment ma-
trix in Table L. In this example, a “negligible” severity and a
“frequent” probability results in “moderate” risk. The confidence
associated with this estimate is determined based on the quality
of the field /sample data, site-specific exposure information, and
toxicity data. The confidence was low in this case because the air
samples were only taken once on a single day. A summary of the
information that could be presented to a commander relative to
this assessment is presented in Table IV.

Implications

Identification and assessment of health risks associated
with chemical exposure is clearly an important requirement
in today’s deployment operations. However, it is not an exact
sclence and requires professional judgment. The use of
TG 230 requires a basic understanding of toxicological and
industrial hyglene concepts that are taught to preventive
medicine officers at the U.S. Army Medical Department Cen-
ter and School. ORM training using TG 230 is also incorpo-
rated into the curriculum. The information provided in TG

TABLE IV
EXAMPLE CHEMICAL RISK ASSESSMENT SUMMARY TABLE
Operational Risk
Hazard Ranking Estimate Potential Impacts
Chemical Hazard  Hazard Risk Courses of Action (COA) and
Hazard Probability Severity Level Comfidence Health Operational Notes
Potential symptoms: Even short-term exposure Option 1: actept risk (allow
tmmediate frritation 1o {day to weeks) could lead exposure} and
eyes/nose/respiratory to increased sick call for 1a, docament exposure in
tract; headaches, minor flinesses, fatigue, persornel records
marale tmpacts. (required);
Delayed, dermatitis, bone  Slight degradation of 1b, conduct additional
marrow depression, personnel functional monitoring to better
CanceT capabilities/attention to assess exposure
detall possible. fuctuations (optional)
Benzene Frequent  Negligible Moderate Low Target crgans/systems:  Exposed persannel at Option 2: minimize risk 2a.
in air eyes, skin, respiratory tnereased risk for futare avoid exposure by
system, blood, central health choosing alternate
TIeTVOUS system. impacts-—documentadon housing accommadations;
Estimated incidence, and fixture medical 2D, mitigate exposures by
probably <10% survelllance required, identifying source and
t providing source controls.
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230 wilt allow the medical staff to provide relevant informa-
tion to commanders about chemical risks,

The ability to communicate information about the health ef-
fects and risks to various audiences (exposed personnel, com-
manders, and even the public) is very important, It s critical
that medical (i.e., clinical} personnel and preventive medicine
personnel coordinate to determine if chemical exposure assess-
ments and actual unit health status or medical complaints
parallel one another. Even in cases where chemical exposures
only result in potential risk of delayed effects, clinical personnel
should be aware that these exposures must be documented in
archives® that can be used to evaluate individual exposures
many years in the future.

Future Efforts

The National Research Council Committee on Toxicology is
currently reviewing TG 230. The U.S, Army Center for Health
Promotion and Preventive Medicine will use the National Re-
search Council's comments and recommendations to improve
the guidance in future updates of TG 230. The information on
various chemicals and MEGs is also being used in the develop-
ment of chemical detectors and protective equipment.

The TG 230 is a reference that has many applications. It will
continue to evolve to address new science, chemicals, policies,
and political concerns and provide a basis from which personnel
can address chemical exposure concerns during deployments.
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